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Dramatic healing has been shown inthenmal
plasma treatment of diabetic ulcerative wounds

After 4.5 months of plasma
therapy
(3 courses, 12*3 sessions)
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1. Shekhter, A.B., et dxperimental and clinical validation of plasmadynamic theraf
wounds with nitric oxide. Bulletin of Experimental Biology and Mediciri @(233p.
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Plasmas have lot of medical applications, but r

thermal plasma can directly treat living tissue.
Thermal Plasma Non-Thermal Plasma

Argon Beam Coagulation
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Stages of Wound Healing

Inflammatory Phase
Homeostasis
Phagocytosis of bacteria and removal of debris
Release of factors initiating proliferative phase

Proliferative Phase
Angiogenesis
Collagen deposition
Granulation tissue formation
Epithelialization
Wound contraction
Remodeling Phase
Remodeling of collagen
Realignment of collagen
Removal of unwanted cells



36th IEEE International Conference on Plasma Science, San Diego, CA 6/2/2009

Stages of Wound Healing

Inflammatory Phase
Homeostasis
Phagocytosis of bacteria and removal of debris
Release of factors initiating proliferative phase
Proliferative Phase
Angiogenesis
Collagen deposition
Granulation tissue formation
Epithelialization
Wound contraction
Remodeling Phase
Remodeling of collagen
Realignment of collagen
Removal of unwanted cells



36th IEEE International Conference on Plasma Science, San Diego, CA 6/2/2009

We hypothesize that plasma treatment may

- enhance healing by promoting angiogenesis.

A Angiogenesis is the growth of new BN J \
blood vessels from existing vessels. | 1. proteolysis W |

A Angiogenesis is critical to wound |
healing. J

A Endothelial cells, which line all bloo
contacting surfaces in the body, play
a guiding role in angiogenesis.

2. Migration <c%>-
Proliferation

A Growth factors such as fibroblast | 3 Maturaton
growth factor2 (FGR2) stimulate

anglogenesiSserwins et alCritical Reviews in pericyte/SMC =
Oncology/Hematolog000
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Outline of the Talk

Nonthermal plasma

Cytotoxicity assays
Cell adhesion
LIVE/DEAD assay
LDH membrane integrity
Apoptosis

Initial proliferation assays
Cell proliferation
Conditioned Media Assay
Fibroblast growth facte2 (FGF2) release

Mechanism of Plasma Enhanced Proliferation
Role of FGR2
Mode of Plasma Treatment
Role of Reactive Oxygen Species

Conclusions and Future Work
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Typical Characteristics of Ndrermal plasma

Microsecond pulsed excitation
Voltage: 20 kV pp

Rise time: 5V/nsec

PulseWidth: 2 us

Frequency: 0.9 1.5 kHz

Power Density: 0.13 1 W/cn?
Power Density used: 0.13 W/ctn

Floating Electrode DBD
Temperature

1. Rotational Temperature
300-350 K

2. Vibrational Temperature
3000-4000 K




36th IEEE International Conference on Plasma Science, San Diego, CA 6/2/2009

Endothelial cells covered in culture media were

exposed to low doses of ndmermal plasma
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The number of live, attached cells decreased a

plasma exposure time increased to 60 seconds
e
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Endothelial cell death increased with plasma
exposure time, as measured by a Live/Dead as

control

120 sec
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LDH release, a measure of membrane damage

Increases up to 24 hours post plasma exposure
s

*p<0.01



